Mn doped ZnO films were prepared on Si (100) substrates using sol-gel method. The prepared films were annealed at 550ºC for decomposition and oxidation of the precursors. XRD analysis revealed the presence of ZnMnO hexagonal wurtzite phase along with the presence of small quantity of ZnMn 2 O 3 secondary phase and poor crystalline nature. The 2D, 3D views of magnetic domains and domain profiles were obtained using magnetic force microscopy at room temperature. Rectangular shaped domains with an average size of 4.16 nm were observed. Magnetic moment measurement as a function of magnetic field was measured using superconducting quantum interference device (SQUID) magnetometry at room temperature. The result showed the ferromagnetic hysteresis loop with a curie temperature higher than 300 K.
Introduction
Materials with novel combinations of properties such as room temperature ferromagnetism and semiconducting properties are required for spintronic devices. Dilute Magnetic Semiconductors (DMS) in which magnetic ions substitute cations of the host semiconducting material are assumed to be ideal systems for spintronics [1] [2] [3] . DMSs based on II-VI and III-V compound semiconductors have attracted much attention in recent years because they provide material foundation for semiconductor spintronic devices. The discovery of ferromagnetism in (In, Mn)As and (Ga, Mn)As prepared by MBE method promoted DMSs as fundamental materials for spintronics because of their compatibility with semiconductors used in present day electronics [4] . Likewise, ferromagnetism in (Zn, Cr)Te prepared by MBE technique [5] has also stimulated the research in this field. In our recent study, we have investigated ferromagnetism and its origin in (Zn, Cr)Te films prepared by a simple thermal evaporator [6, 7] . All these reports mainly put forward the below room temperature ferromagnetic behavior and the ferromagnetic cluster within magnetic semiconductors as the bane of semiconductor spintronics in order to apply effectively for practical applications [8] . Therefore, the research on different preparation routes, semiconducting hosts and magnetic impurites are employed to achieve the desired goals.
In this manner, transition metal oxide based DMSs have been attracting much attention, due to their important optoelectronic properties and potential applications in spintronics at practical temperatures [9] [10] [11] [12] . ZnO is one among them posing great interest in science and technology due to its versatile features suitable for a variety of applications. A large number of reports are available on the magnetic properties of transition metal doped ZnO [13] [14] [15] . Sharma et al. [16] have published the first observation of room temperature ferromagnetism in Mn doped ZnO. Ferromagnetism near or above room temperature has already been reported for Mn-alloyed ZnO nanocrystals, pellets and thin films [17, 18] . In the present study, we demonstrate the magnetic properties such as magnetic domain observation and magnetic moment measurements for the Mn doped ZnO film grown on Si (100) using sol-gel technique.
Experimental

Preparation
For the preparation of ZnO and Mn doped ZnO films, the precursor materials used were zinc acetate dihydrate, isopropyl alcohol, diethanolamine and manganese chloride tetra hydrate. Total concentration of the metal ions was 0.1 M. A sol was prepared by mixing thoroughly the calculated amount of the corresponding salts in isopropyl alcohol at room temperature. When it turned milky an equimolar quantity of diethanolamine was added as a sol stabilizer drop by drop into the solution until it becomes transparent. Dip coating method was used to coat the silicon (100) substrate after proper mixing of the sol. Totally 10 dipping were carried out. After each dipping (coating), the film was dried at 110ºC in hot air oven for 15 minutes. Finally, the films were annealed for 1 hour in muffle furnace at 550ºC for decomposition and oxidation of the precursors.
Characterization
In the present study, crystalline structure of the prepared films was analyzed using X-ray diffractometer [ModelShimadzu (XRD-6000), λ = 1.5406 Å] operated in the 2θ scan range of 20º to 80º. Ex-situ topography and surface magnetic domain pattern study was performed at room temperature by means of Scanning Probe Microscope (SPM) (JEOL JSPM-4210) to scan particle size and magnetic domains at room temperature. Topography of the films was scanned by Tapping™ mode and the magnetic domains were analyzed by lift mode. A magnetic cantilever tip NSC14/Co-Cr, Mikro-masch, Co. was used with resonant frequency of 160 kHz. The magnetic domains were observed in lift mode MFM with interaction in the height of 25 nm and output of 0.025 Amp/V. The 2D, 3D images, profiles, and domain measurements were processed with the software win SPM DPS, JEOL Ltd. Magnetic moment versus magnetic field was measured by using a SQUID magnetometry (Quantum Design MPMS-XL Superconducting Magnet) at 300 K.
Results and Discussion
3.1. Structure X-ray diffraction patterns of the ZnO and the Mn doped ZnO films are shown in Fig. 1 . The pure ZnO shows amorphous nature without any significant peaks. However, the Mn doped ZnO film exhibits poor crystallanity along with the ZnMnO hexagonal wurtzite phase. Peaks at scattering angles (2θ) of 32.05°, 34.45°, 36.53° and 62°c orrespond to reflections from (100), (002), (101) and (103) crystal planes, respectively. These reflections confirm the existence of ZnMnO hexagonal wurtzite phase [19] . Also, a tiny peak at around 33° labeled by a star mark indicates the presence of metastable ZnMn 2 O 3 like secondary phase [20] . This shows the solubility of Mn in ZnO host is moderate and so the Mn distribution is not much efficiently uniform.
Ferromagnetic domains
Magnetic force microscopy detects the force derivative acting on a small magnetic probe in the stray field close to the specimen. The technique can give a resolution below 20 nm with comparably low effort in sample preparation [21] . MFM imaging can therefore be used to sensitively probe micro magnetism of thin film samples. The purpose of this section is to demonstrate the application of MFM to investigate magnetic characteristics of domains as well as stray fields in individual grains of the film.
Prior to MFM analysis, the film was exposed to argon gas blow and consequently the topographic scanning was made by AFM in tapping mode. The topography and magnetic domains of the ZnMnO film grown on the Si (100) substrate is shown in Fig. 2 . The AFM image in the scanned area of 500 nm × 500 nm shows the nanoparticles of ZnMnO. To the right of the AFM image indicates profile of a roughness in average of 60 nm. The ZnMnO films have submicrometric grains in the order of 150 nm. The MFM image scanned in the same area shows multiple domains within individual grains (domain islands). Also, the overlapping of islands can be seen owing to the multiple dipping procedures carried out for the film deposition. Within each island where the magnetic interactions are observed as nanometric rectangular shapes. The stripes inside of each island contain magnetic domains which have different positions due to different magnetic force caused within islands. It results in the anisotropic behavior of domains in the sample surface. The circle in the center of figure indicates the selected area for the MFM analysis and to the right of the profile indicates the lift high of 15°.
The marked region indicated in Fig. 2(b) is taken in order to analyze the magnetic domains in the islands as shown in Fig. 3(a) . This high resolution image shows more explicitly the rectangular shaped domains. The domains are isotropic within individual grains (domain islands). Further, domains in 3D view are observed in the marked region (25 nm × 25 nm) as shown in Fig. 3(b) . It clearly shows the domains as bright and dark contrast. The bright and dark contrast represents domains with positive ( ↑ ) and negative ( ↓ ) polarizations, respectively. Bottom of Fig. 3(b) shows cross sectional view of the domains. The distribution of domains in the profile in Fig.  3(c) indicates domains with an average size of 4.16 nm. All these results ensure the observation of domains at room temperature, which implies the existence of magnetization at the surface of the film.
M-H curve
In addition to the surface sensitive MFM technique to observe magnetic domains, we also used the bulk sensitive SQUID magnetometer to measure magnetic moment versus field plot (M-H) at room temperature and the result is shown in Fig. 4 . It obviously shows hysteresis loop. Since the diamagnetic contribution from the Si (100) substrate was not subtracted, its influence on the magnetic behavior of the film was seen. The inset shows the asobtained M-H plot. The behavior of the as-obtained M-H curve clearly shows diamagnetic contribution from the Si substrate and it dominates net magnetic moment from the film in the high field region. The expanded view of the plot shows a clear hysteresis curve indicating net ferromagnetic behavior from the ZnMnO film.
However, it is not yet clear whether the observed ferromagnetic behavior is truly intrinsic or related to secondary phases such as ferromagnetic clusters. Though the origin of ferromagnetism in Mn doped ZnO is still in debate, it can be partly interpreted by using XRD pattern. Poor crystallinity of the ZnMnO film shows Mn incorporation and distribution is not effective. Therefore, un- [20, 22] . Mn 3 O 4 is ferromagnetic ordering, and its Curie temperature is around 44 K [23] . It is already reported that the curie temperature of ZnMnO and ZnMn 2 O 3 like phase are well above 300 K [20, 24, 25] . Therefore, the obtained results from XRD suggest that the dominating ZnMnO wurtzite phase and minute ZnMn 2 O 3 related secondary phase should play a major role for the observed room temperature ferromagnetism from the Mn doped ZnO film. The observation of surface and bulk magnetic properties have shows clearly the room temperature ferromagnetic behavior and hence the Curie temperature is expected to be greater than 300 K.
Conclusion
Mn doped ZnO films were grown on Si (100) substrate using sol-gel method. XRD revealed poor crystallinity with ZnMnO hexagonal wurtzite phase and a weak signal of metastable ZnMn 2 O 3 secondary phase. AFM image showed sub nanometric particles with an average size of 145 nm. MFM images clearly showed the presence of rectangular shaped multiple domains with an average size of 4.16 nm in the particles. M-H measurement showed a ferromagnetic hysteresis behavior even at 300 K, suggesting high Curie temperature of the prepared Mn doped ZnO film.
